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Double tag events in two photon collisions are studied using the L3 detector at the LEP center of 
mass energies yfs ~ 189 — 202 GeV. The cross-section of 7*7* collisions is measured at an average 
photon virtuality (Q 2 ) = 15 GeV 2 . The results are in agreement with Monte Carlo predictions based 
on perturbative QCD, while the Quark Parton Model alone is insufficient to describe the data. The 
measurements are compared to the LO and the NLO BFKL calculations. 



1 Introduction 

In this paper we present new results on 
double-tag two-photon events e + c~ — > 
e + e~ hadrons. The data, collected at centre- 
of-mass energies y/s ~ 189 — 202 GeV, 
correspond to an integrated luminosity of 
401 pb _1 . Both scattered electrons are 
detected in the small angle electromagnetic 
calorimeters. The virtuality of the two pho- 
tons, Q\ and Q 2 ., is in the range of 4 GeV 2 < 
Q\ 2 < 40 GeV 2 . 
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Figure 1. Diagrams for the a) QPM, b) one-gluon 
exchange and c) BFKL Pomeron processes in a 7*7* 
interaction. 

The centre-of-mass energy of the two vir- 
tual photons, yfi = W-y-y, ranges from 5 GeV 
to 90 GeV. The cross-section measurement 
of the two virtual photons is considered as 
"golden" process to test the BFKL dynam- 
ics □. For this scheme the 7*7* interaction 
can be seen as the interaction of two qq pairs 
scattering off each other via multiple gluon 



"Electron stands for electron or positron throughout 
this paper. 



exchange. (Fig. |l|c). In the leading order 
approximation (LO), the cross-section in the 
saddle point approximation for the collision 
of two virtual photons is U : S: 
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(1) 



Here 



(To = const 
so 



Y = In (a /so) (2) 
y i = l-(E i /E b )cos 2 (9 i /2) 

where E b is the beam energy, Ei and 9i are 
the energy and polar angle of the scattered 
electrons and ap is the "hard Pomeron" in- 
tercept; K is a scale factor which accounts 
for uncertainity in the BFKL energy scale sq. 
The centre-of-mass energy of the two-photon 
system is related to the e + e~ centre-of-mass 
energy s by s — ~ syiy%. In leading 

order (ap — 1) = (41n2)iV c a s /n, where N c 
is the number of colours. Using iV c = 3 and 
a s = 0.2, (ap — 1) ~ 0.53. The born cross- 
section of one gluon exchange (see Fig. |l|b) 
is independent of W 77 . Recently, effort has 
been devoted to improve the exact leading 
order calculation @ by studying the effect of 
charm mass and the contribution of longi- 
tudinal photon polarization states E. Still 
these effects are not sufficient to describe our 
previous measurement i. One needs next to 
leading order corrections (NLO). It turns out 
that the NLO corrections to the intercept 



"ap — 1" are negative for a. > 0.16. Differ- 
ent techniques !'E00'@lll0 have been pro- 
posed to improve the NLO calculations in a 
suitable renormalization scheme thus giving 
values of (ap — 1) in the range 0.17—0.33. 

2 Double-tag cross-section 

After selection cuts described in ref 0, we 
have selected 336 candidate events. The esti- 
mated background is 56 events, mainly due to 
e + e _ — » e + e - T + r~ and misidentified single- 
tag events. The contamination from annihi- 
lation processes and lepton channels in two 
photon collisions is negligible. The prelim- 
inary cross-section is measured in the kine- 
matic region limited by: 

• E h2 > 30 GcV, 30 mrad < 9 ta g < 
66 mrad and 2 < Y < 7 

The data is then corrected for efficiency 
and acceptancewith two Monte-Carlo mod- 
els; PHOJET and Vermaseren(QPM) 
respectively. The differential cross-sections 
dcr(e + e~ — * e + e~ + hadrons) /dY are mea- 
sured in four AY intervals. As one can be 
seen m Table | and in Fig. E, none of the mod- 
els are sufficient to describe the data. The 
value of the cross-section at 5< Y < 7 ex- 
ceeds the Monte Carlo prediction by about 
3.5 standard deviations. 

Table 1. The differential cross-section, d(r(e+e — — > 
e + e — + hadrons)/dV in picobarn measured in the 
kinematic region denned in the text, at yfs ~ 189 — 
202 GeV. The predictions of the PHOJET and the 
QPM Monte Carlo models are also listed. The first 
error is statistical and the second is systematic. 



AY 


DATA 
da/dY 


PHOJET 
da/dY 


QPM 
da/dY 


2.0-2.5 


0.50 ±0.07 ±0.03 


0.40 


0.32 


2.5-3.5 


0.30 ±0.03 ±0.02 


0.29 


0.17 


3.5-5.0 


0.15 ±0.02 ±0.01 


0.14 


0.05 


5.0-7.0 


0.08 ±0.02 ±0.01 


0.03 


0.006 



From the measurement of the e + e — > 
e + e~ + hadrons cross-section, a cc , we extract 
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Figure 2. The cross-section of e+e - — > 

e + e — hadrons as a function of Y in the kinematical 
region defined in the text at y/s ~ 189 — 202 GeV 
compared to our previous results y/s ~ 183 GeV. In 
the figure the predictions of PHOJET (continuos line) 
and of the QPM (dashed line) are indicated. 

the two-photon cross-section, <7 7 * 7 *, by using 
only the transverse photon luminosity func- 
tion, a cc = Ltt • c 7 * 7 ». In Fig. |^ we show 
cr 7 * 7 », after subtraction of the QPM contri- 
bution as a function of Y. Using an aver- 
age value of Q 2 , (Q 2 ) = 15 GeV 2 at ^ ~ 
189—202 GeV, we calculate the one-gluon ex- 
change contribution with the asymptotic for- 
mula. The expectations are below the data. 
The leading order expectations of the BFKL 
model,, shown as a dotted line in Fig. [| are 
too high. By leaving ap as a free parame- 
ter and K — 1, a fit to the data, taking into 
account the statistical, yields: 

a P - 1 = 0.36 ±0.02, x 2 /d.o.f = 0.98/3 

with x 2 /d.o.f =0.98/3 and if the energy 
scale factor K is a free parameter and (ap — 
1)=0.53, a fit to data yields: 

K = 6.4 ± 1.0, x 2 /d-o.f = 1.34/3 

These results are shown in Fig. || as a 
soild and dashed lines respectively. The value 
of (ap — 1), smaller than expected from the 
LO BFKL calculation at the saddle point ap- 
proximation, and the scale factor K much 
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Figure 3. Two-photon cross-sections, <r 7 * 7 *, after 
the subtraction of the QPM contribution at y/s ~ 
189 - 202 GeV ((Q 2 ) = 15 GeV 2 ). The data are 
compared to the predictions of the LO BFKL cal- 
culation at saddle point approximation(eq.l) (dotted 
line) with K=l and (ap — 1) = 0.53 and the solid 
line is the fit to the data of the LO BFKL (eq.l) with 
K=l and the coefficient (ap — 1) as a free parameter. 
The dashed line is the fit with (ap — 1) = 0.53 and 
the scale factor K as a free parameter. 



larger than unity indicate that higher order 
corrections are jrnr)orta,mt. NLO calculations 
are in progress liSBEJ which agree better with 
the experimental results. 
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